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I. INTRODUCTION AND SUMMARY

FMC Corporation Engineered Systems Division (ESD) was awarded
Contract DAAA 21-73-C-0211 to develop new concepts and to complete

a preliminary design for a high-speed (1, 200 units per minute) automatic,
remotely controlled system for loading, assembling, sealing, inspecting,
and packing detonators. This final report describes the work performed
under this contract and provides a systems concept recommended for

implementation.

The major accomplishment of this project was the development of
techniques for charging, tamping, and crimping detonators.

This final report presents proven principles gained through bench-model
verification of the feasibility of producing M55 nonelectric d_tonators
at a rate of 1,200 per minute, using live powder, in the following areas:

Metering of charges
Consistency of charge weight
Loading of charges
Consolidation of charges
Crimping

Elimination of powder bridging.

This report also presents a final, overall system design incorporating
practical improvements to the initial concept. The fully automated
system includes the following features:

Bulk feeding of cups

Variable volume metering

Safety during metering

Elimination of propagation of explosion to metering hopper during
consolidation :

Seal blanking and inserting

Rapid tooling changeover to accommodate other sizes

Packaging of finished detonators.

The basic advantages of the proposed system are:

1. Detonator transport is achieved by a standard 1-inch-pitch hollow-
pin chain carrying simple holders that may be quickly changed if

necessary.
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2.

3.

4,

5.
6.

Metering of each charge is accomplished on a separate turret for
maximum safety and simplification of equipment,

Loading and consolidation of each charge is made on a separate
turret to simplify equipment,

Powder bridging in the metering hopper is prevented by pneumatic
agitation,

Charge weights are accurate and easily variable.

All functions can be computer controlled.

In conclusion, the major operations have been proven by bench-model
testing. The packaging operation is now being investigated by FMC

and feasible approaches have been developed. The major unproven area
is sealant application. The proposed single supply roll system has been
analyzed and we feel confident that this approach can be successfully
implemented.




Il. SYSTEM DESCRIPTION

A. GENERAL

The detonator assemblyline will consistof 12 turrets linked by a carrier
chain, cup-feeding equipment, and detonator-packaging equipment,
(Figure l illustrates the general layout schematic.) In addition to the
main carrier chain, three auxiliary powder-transport systems, synch-
ronized with the fill turrets, will maintain a powder supply from the
magazine to the assembly line.

All functions required for assembly of M55 and other size detonators
will be performed on rotary tuirrets; therefore, the system will operate
continuously rather than intermitiently. Turret functions and principal
items of equipment are described in the following paragraphs.

B. CARRIER CHAIN (Figure 2)

The chain is a standard Number 80 hollow-pin, self-lubricating, l-inch-
pitch chain and will contain a detonator carrier every fourth pitch., The
hardened carrier will float freely within the sintered steel hollow pin of
the chain, and the head diameter will be precision ground so that the bore
can be accurately located on the tooling centerline of a turret work sta-
tion. The bore will accept the outside diameter of the detonator cup; a
D-shaped spring (Figure 3) protruding very slightly into the bore through
a slot in the side of the carrier head will prevent the cup falling through.
The amount of protrusion will be insufficient to cause interference with
the lower anvil punch which, in operation, will move the spring aside.

A number of air-escape holes in the carrier head will prevent compressed-
air disturbance of the empty detonator cup on the initial rapid rise of the
anvil punch in the close-fitting carrier bore. A generous lead-in at the
bottom of the carrier bore will permit alignment with the lower anvil
punch on entry. The carrier will be free to move axially so that the
carrier head may be accurately located in the tooling die register,

pushed into position by a shoulder on the lower anvil punch. Return of

the carrier to the normal position in the chain will be accomplished by

a conical spring at the bottom of the carrier, retained by a small ring.

C. TURRETS

All turrets will be approximately 36 inches in diameter, designed
basically around a 96-tooth, 1-inch-pitch chain sprocket of 30.563-inch
pitch-circle diameter. Each turret will contain 24 tooling stations,
spaced 4 inches apart around the circumference, with tooling station

3
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centerlines on the chain roller centerlines. The turrets will rotate
at 50 rpm, and output will be 1, 200 parts per minute,

Each turret will be driven through a 10-to-1 gear reducer beneath the
turret., The gear reducers will be driven through a 2-to-1 gear belt
drive from a common shaft extending the length of the machine. A
variable-speed DC electric motor will drive the shaft. A torque-limiting -
feature, built into the spring-loaded chain idler mounts at each turret, )
will initiate shutdown of the equipment should an overload condition

occur at any point on the line. Also, an adjustable and easily reset

torque limiter will be provided at the main drive.

Turrets will be provided as follows:

Loading Station (1)

Filling Stations (3)

Brushing and Aspirating Turrets (3)
Disc Blanking and Inserting Station (1)
Crimping Turrets (2)
Sealant-Application Turret (1)
Unloading Turret (1).

In many cases turrets are of identical construction, and many parts
are duplicated, to minimize manufacturing costs, engineering effort,

and spare parts inventory. The number of turrets can be reduced if
turrets to perform multiple functions are employed, e.g., both the
crimping stages on one turret, as outlined in the initial Phase I proposal.
However, based on extensive experience with similar equipment, FMC
ESD has found it is often beneficial, especially in high-volume production
equipment, to reduce a complex, combination operation to separate and
simple functions,

This d=sign philosophy was applied to arrive at the number of turrets
shown above. E£ach is described herein,

D. LOADING STATION

The first station of the machine comprises a cup-supply system and a
loading turret. Three vibrator-feeder bowls will dispense oriented cups--
open end up--at the required rate, to a collecting area. Two V-belts,

set at 45 degrees, will gently direct the cups in a single line onto a star-
wheel for inspection. A scanning device incorporating a laser beam, with
a capacity for several thousand parts per second, will inspect the cups
and reject misoriented and damaged parts. The cups will be conveyed

to the turret by a set of pinch belts and a narrow slide bar; the pressure
required to ensure a continuous supply of cups at the turret takeoff
will be exerted at the lower portion of the cups where radial strength is
greatest. This system is similar to that employed for the feeding and
inspection of primers for the primer-insert equipment built for Frankford
Arsenal (Figures 4 and 5).
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The loading turret will consist of a 96-tooth, l-inch-pitch chain sprocket
running beneath a starwheel, with detonator cup nests every 4 inches
around the circumference. The nest centerlines will match those of the
carriers in the transport chain. A set of 24 bottom punches on the same
centerlines will raise and accurately align the carriers immediately
beneath the starwheel nests.

A similar set of top punches will push the cups downward out of the
nests where they will be held by a stationary spring blade similar to
that shown as Item 21, Figure 5.

An alternate concept would provide for application of vacuum through
the top set of hollow punches, to hold the cup to the punch. 'With this
method, stationary spring blades, which can cause scratches on the
outside surfaces of the detonator cups, would be unnecessary. The
vacuum would be applied intermittently, and a slight positive air pres-
sure could be applied during top punch withdrawal to assure retention
of the cup in the carrier.

E. FILLING STATIONS

The three filling stations are of identical construction, differing only in
type of powder loaded and adjustment of the punch pressures, consolida-
tion height, and powder volume as appropriate, Figure 6 depicts the
component parts of the prototype loader; it is representative of the two
turrets which comprise each of the three loading stations.

The proposed equipment (Figure 6) consists of two separate turrets on

a common machine table top, one operating .8 a rotary press for charge
consolidation, the other utilized for metering and dispensing powder into
the powder funnels of the rotary press. Each turret will be driven by a
10-to-1 gearbox beneath the machine table top which derives power,
through timing belts, from a common drive shaft extending the length

of the line. The two turrets will rotate at 50 rpm in opposite directions,
each incorporating 24 stations around the periphery. They will be synch-
ronized through the drive components so that the stations converge on
rotation in a manner similar to the meshing of the teeth o gear wheels;
however, no physical contact of the rotating turrets will occur.

1. Rotary Press

This is a conventional rotary press design, with a top set of 24 punches
and a lower set of 24 anvil punches. The punch stroke movements will
be made by means of side-mounted cam followers working in stdtionary
cams mounted at the top and the bottom of the turret, the top cam sup-
ported by columns, A dial between tiie quick-release punch sets around
the turret will carry 24 tooling dies accurately located above the pitch
ciicle diameter of a 96-tooth, Number 80 chain sprocket. This chain
sprocket will carry the main transport chain between turrets of the
overall assembly system,
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Another cam follower will be mounted on the same centerline of each
punch assembly; it will be used solely for providing the axial thrust
necessary for the heavy consolidation pressures required. During
movement around the turret, the cam follower will enter stationary
special cam sections (not shown on Figure 6) also mounted at the top
and bottom of the turret. The top cam section will carry the slow and
final consolidation slopes and dwell periods required, and the lower
section will act as a straight reaction component for the top punch
pressure. The stationary top special cam section will be spring
mounted to provide a definite consolidation pressure, and provided
with an LVDT (Linear Variable Differential Transformer) gage head
to monitor movement of the cam sectionto indicate fill condition. (The
signal from this LVDT will be stored for subsequent rejection, if
necessary, on the unload turret of the overall assembly system,)

All punches on the rotary press will be capable of fine adjustment and
may be easily referenced to the machine table top during setup. Suit-
ably angled powder funnels on the tooling dies will compensate for the
centrifugal force on the powder, At the bottom of the funnel, a parallel
section, no longer than required for the maximum charge volume of loose
powder, will preclude the possibility of an unnecessary compression of
air and resulting powder ''puff' loss on rapid punch approach, a technique
successfully verified on the bench-model tests.

An accurately ground register incorporated on the underside of the tool-
ing die will precisely locate the head diameter of the transport chain
carrier., A small recess in this register is designed to accommodate
only . 030 inch of the detonator cup rim.

2. Metering Turret

This turret comprises a stationary support column, with a cam and a
large top bearing mounted on top of the column. A tubular shaft rotates
in the bearing; the lower end is borne by the bearings of the gearbox
that crives the shaft. A hub at the top of the rotating tubular shaft
carries a dial plate on which is mounted a 26-tooth, Number 80 chain
sprocket and 24 Delrin powder cups.

The powder cups contain angled funnels, and are spring loaded against
a metering shaft beneath each cup to provide positive doctoring. The
metering shaft contains a metering cavity angled so that when facing
upward, the powder in the funnel may be transferred directly into the
cavity, The metering shaft may be rotated 180 degrees by means of

a cam follower which moves a 20-tooth gear through 90 degrees. This
gear then rotates a 10-tooth gear attached to the metering shaft, allow-
ing the cavity to be rotated 180 degrees. A snug-fitting porous ceramic
plug within the cavity of the metering shaft may be moved axially in
either direction by means of a screw to vary the cavity volume as re-
quired. Only one size metering shaft should, therefore, be required
for all three charges on the M55 and other detonators, and adjustment
of fill volume may be made manually. On rotaticn of the metering shaft

Preceding page blank 12
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to the downward dump position, the adjusting screw will clear the
doctoring area above because of its angled slope. This arrangement
also compensates for any adverse centrifugal effect when dumping the
powder. Vacuum filling of the cavity and nitrogen pressure dumping
directly into the die funnel will be achieved through small-bore pneu-
matic circuitry to the rotating hub. The top valve face of the hub will
contain 24 holes connected to the metering apparatus,

A stationary valve disc mounted immediately above this valve face will
be free to move axially on a stationary center tube and prevented from
rotating by a key. A labyrinth system of valve ports on the valve disc
face will provide vacuum or nitrogen as required for operation of the
equipment at the appropriate times. The valve disc, manufactureud from
Delrin, will be maintained in a sealed contact condition by a wear-
compensating adjustable spring mounted above it,

Vacuum and nitrogen stationary inputs will be connected to this valve
disc, with the respective tubing led through the bore of the stationary
center tube which is anchored on the machine base. Concentric tracking
of the valve disc will be maintained by a sealed roller bearing at the top
end of the stationary center tube., The vacuum line will pass to an as-
pirator bottle containing kill solution, then to the vacuum pump. Nitrogen
pressure and vacuum level will be constantly monitored. The machine
will be automatically shut off whenever pressure and vacuum readings
are beyond preset limits,

3. Operational Description (Figures 2, 3, 6, 7, and 8)

The transport chain (Figures 2 and 8) will enter the rotary press turret
(Figure 7) with empty detonator cups loosely resting in the carriers.

The cups will be prevented from falling through the carrier bore by the
D-shaped spring (Figure 3) which protrudes a few thousandths of an inch
into the bore. The amount of protrusion will be insufficient to interfere
with the upward travel of the anvil punch which will move the spring aside.
Continuing its movement around the press turret, the lower anvil punch
will rise and enter the 1l ottom of the carrier above it, which has limited
freedom to float in the¢ hollow pin of the chain; this action will center
the carrier. The possibility of compressed-air disturbance of the det-
onator cup by the rapid rise of the close-fitting punch in the bore of
the carrier will be eliminated by the air-escape holes in the carrier
head, as successfully demonstrated in the bench-model tests. The
final movement of the anvil punch will accurately locate the head of
the carrier in the register of the tooling die above. The carrier head
will be rnoved upward by the anvil punch shoulder and compress the
carrier spring.

Simultaneously, the tip of the anvil punch will raise the detonator cup
out of the carrier by 0,030 inch, effectively sealing the detonator cup rim
to the 0,030-inch recess in the tooling die register to prevent powder loss
during transfer from the funnel. This anvil punch action will be completed
just prior to convergence of the tangent points of the rotating press turret
and the metering turret (Figure 7).

16
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Figure 8 CUP CARRIER (FMC Drawing 5100587)

At this point (shown as ''carrier in raised position'' on Figure 6), the
doctored and metered powder charge held by vacuum in the metering
shaft of the metering turret will be transferred to the press turret.
The transfer will be accomplished by the automatic valving system
turning off the vacuum and applying a short sharp pulse of compressed
nitrogen to the metering cavity. ESD has determined, through bench-
model tests, that a pulse of approximately 50 milliseconds duration at
15-pounds-per-square-inch pressure will result in clean removal of the
entire cavity powder content with no ''dusting'' normally associated with
a flow of air or gas. Continued rotation of both turrets will then permit
the transfer points to diverge and the turrets to function independently
for the remainder of the revolution. The functions of the turrets are
described in the following paragraphs.

a, Rotary Press Turret

With the powder cup and metering shaft of the metering turret free of

interference, the top punch will rapidly descend, compressing the charge
in the cup within approximately 0.090 inch of final consolidation, At this
point the consolidation cam followers will enter the special cam sections
which allow a powerful but gentle application of thrust necessary to finally

consolidate the charge to 70,000 pounds per square inch, the maximum
required cuusolidation pressure. The upper cam section (not shown on
Figure 6) will be adjustable spring loaded to provide the necessary pre-

load thrust as previously mentioned, and will be equipped with fill height

measuring capability through an LVDT gage head. A short dwell period

will follow consolidation, then the consolidation cam followers will leave
the special cam sections and both top and bottom punches will be rapidly

withdrawn. (The arrangement of the special cam section and LVDT are
similar to that shown on Figure 9, Items 2, 3, and 4.)
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The spring of the carrier will allow the locating head to withdraw from
the tooling die, and the carrier will return to the normal floating posi-
tion in the hollow pin of the chain. The detonator cup will remain in

the consolidated position in the carrier, with the rim protruding 0,030
inch. This position will be maintained for all subsequent operations in
the entire detonator assembly system, including crimping, and will
minimize the possibility of surface scratches on the outside diameter
of the cup through linear movement in the carrier., The cup will be
held in this position in the carrier by the radial compressive force
from the first charge consolidation. With both punches retracted, and
the carrier out of the tooling die, the carrier chain will leave the rotary
press turret for the

next operation,

b, Metering Turret

As the metering shaft and powder cup move away from the rotary press
after transferring the charge, the metering shaft will rotate through
180 degrees so that the cavity is immediately beneath the bottom opening
of the powder «up.

At this time the valving system will cause a short period of alternate
vacuum/nitrogen pulses which will fluidize the powder in the cup, break-
ing up any bridging which may have occurred. Bench-model tests proved
that this procedure is essential for consistently accurate charge weight,
especially with NOL 130. Also, the nitrogen pressure, used frequently
and passed through the porous filter in a reverse direction to the vacuum
on every turret revolution, will serve to purge the filter free of any
clogging of porous surfaces.

Continued rotation of the turret will cause the valving system to turn on
the vacuum continuously, drawing the powder into the metering cavity,
With the vacuum still on, the metering shaft will start to rotate through
180 degrees, doctoring the powder in the cavity, and position the cavity
facing downward, ready to dump, with the vacuum still securely retaining
the powder. ‘The metering turret and the pressing turret, rotation synch-
ronized, will converge on the appropriate metering shaft and tooling die,
ready to repeat the operation,

4, Powder Supply Conveyor

The metering turrets of the three fill stations are to be regularls sup-
plied with powder on an ll-increments-at-a-time basis. At ll-revolution
intervals each of the 24 cups of the turret will receive a metered amount
of powder consisting of slightly more than 11 increments.

The amount of powder in each cup will be constantly monitored and
when a preset level is exceeded, the supply to the particular cup will
be inhibited. The supply conveyor will extend from the metering turret
to a rotary powder-dispensing and doctoring device isolated from the
machine by a barricade. The basic component of the conveyor is the
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same |-inch-pitch, hollow-pin standard roller chain used for the main
carrier., The filling sequence will be determined by the spacing of the
powder containers at 11-turret-pitch intervals (44 chain pitches). The
containers are cam-actuated, hinged scoops; the entire assembly will
be mounted on a single link, using both hollow pins as guides for vertical
motion (Figure 10),

rﬁﬂu“:’\r‘T
CT
|

SCOoP

TORSION SPRING
CARRIER BRACKET
CAM FOLLOWER

HVWN -

Figure10 POWDER DISPENSER (FMC Drawing 5102641)

As the conveyor chain enters the metering turret, the scoop-actuating
rod wil be cammed down; the scoop will rotate 90 degrees to a ver-
tical position and empty into the funnel-shaped powder cup beneath it,
During this dumping phase, vibration will be induced into the scoop
through the cam track.

Behind the barricade, powder will be dispensed from a rotary trough,
with the scooping motion described above somewhat reversed. Sta-
tionary plows in the pickup station of the trough will stir and mix the
powder and maintain a powder level slightly higher than in the remain-
der of the trough.
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Rotating doctor blades will move radially outward to remove any excess
powder in the scoops. When refilling is to be inhibited because of too
high a level in a cup on the metering turret, the scoop-lowering mech-
anism will be actuated and the powder will be dumped back into the
doctoring area.

5. Inspection

Satisfying the scope of work requires inspection after each fill and
consolidation; three inspectionturrets could be included to performthis
task. Each would consist of 24 lower anvils to raise the detonator
and carrier to a reference level, where a top set of 24 LVDT gage
heads would descend to measure the consolidation height. An unsatis-
factory signal from any of the LVDTs, sent to a central memory system,
would cause rejection of the defective component at the unload turret.
A considerable cost saving is possible, however, if the three inspection
turrets are eliminated and the one stationary L.VDT gage head on each
consolidation turret is utilized to perform the fill-height inspection.
The details of this process are included in the filling station equipment
description. FMC ESD strongly recommends adoption of this simple
method, which could also be incorporated on the final crimping turret
to monitor final assembled height of the detonators.

F. BRUSHING AND ASPIRATING TURRET

Following the principle of simplicity, FMC ESD proposes separate tur-
rets to brush and aspirate the cups and chain after each consolidation,
rather than incorporation of a system of brushes operated by linkage
and added to each consolidating turret station.

The turret will consist of a lower section carrying 24 anvil punch sta-
tions, operated by a stationary cam. A 96-tooth sprocket above will
carry the transport chain with the cups in the carriers. On the same
centerline as and immediately above the carriers, a set of 24 small
annular brushes will rotate on a small vertical shaft, A gear wheel
on the top of each shaft will mesh with a large stationary gear wheel
at the top of the turret. The rotation of the turret around the stationary
gear will produce a speed of 1,280 rpm for each brush shaft.

Aspiration will be provided by small tubes inside and around each brush,
connected to the aspiration vacuum. All such shrouds will be continu-
ously open to the atmosphere, even at stations not in operation, and
a slip ring-type coupling from the stationary vacuum to the rotating
turret will be necessary. As an alternate method, aspiration could be
provided by a stationary nozzle very close to the brush tip. The nozzle
would be only as long as the section of the turret where brushing takes
place, so the vacuum connection would be considerably simplified.
Preliminary aspirating will be performed on the press turret to prevent
any buildup of powder on the chain.
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G. DISC BLANKING AND INSERTING STATION

1. Alternate Equipment Concept

The proposed closing disc blanking and placing equipment (Figure 11)
comprises a 24-work-station rotary turret equipped with a stationary
(aluminum) foil tapefeed system, The tape-feed system will be positioned
in a plane tangential to the pitch circle of the rotating work stations.

The tape-feed system will advance the tape at a speed equal to that of
the rotary turret, for the short time during which the discis blanked,
and allow short-duration travel of the tape at a slower speed while the
next disc-blanking punch approaches.

2. Reels and Capstans

The new foil tape will be unwound from the reel by the payout capstan,
at a rate equal to the takeup speed. To achieve minimum tape consump-
tion, the tape will be advanced only 3/8 inch between blanking operations.
The chain carrying the loaded cups will travel in a rotary path during

the blanking operations, resulting in a differential between the velocity
of the work stations and the velocity of the tangentially moving tape.

The takeup capstan and rotary turret will be driven at the same speed;
therefore, the capstan radius must be approximately 1/10 the turret
radius to produce tape advance not exceeding 3/8 inch. This size ap-
pears reasonable, and the takeup capstandrive canbe directly coupled to
the rotary turret drive to assure a constant proportion between average
tape speed and turret speed.

This motion is comparable to that of the film in some high-speed movie
cameras that is brought to a complete stop 500 times per second or
30, 000 times per minute., We will require the same result at a much
slower rate, i.e., 1,200 per minute.

The mechanism for accomplishing this motion is described in the
Rotary Table and Punch Assemblies discussion. The takeup reel drive
will be driven at a speed higher than that of the takeup capstan and will
be equipped with a slipclutch to accommodate the takeup speed change
resulting from coil radius growth as the scrap foil tape is wound on
the reel much like a movie projector takeup reel. In an ideal situation
the two capstans (takeup and payout) would consistently advance an equal
length of tape; therefore, the length of tape between the two capstans
would remain constant. However, the two capstans will not operate
equally, and control of one of the capstans will be necessary to avoid
excessive tension buildup or slack buildup of the tape. The slack-loop
control will perform this function.
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3. Slack Loop Control

To prevent tearing of the foil tape during the short-duration speedups
(when the tape speed matches the speed of the blanking punch), a slack
loop will be maintained in the tape on the payout side as in movie pro-
jectors. The length of the slack loop will be reduced when the tape
speed exceeds the payout capstan feed rate and will be enlarged when
the tape speed is less than the payout capstan feed rate. The tape
speed will differ fron the payout capstan speed each time a blanking
punch operation is performed, or in the event the takeup capstan feed
rate changes.

The change of the slack-loop length will be continuously monitored by
the tape slack-control unit. When the loop length reaches a maximum or
minimum limit, the payout capstan drive will be decelerated or ac-
celerated accordingly., The tape slack-control unit will monitor the
loop length through the use of two photoelectric cells in the plane of
the loop. Interruption of the light beams of both photocells will indi-
cate a loop length exceeding the maximum limit, and both light beams
unobstructed will indicate a loop length less than the minimum limit.

The signals fromthe slack-control unit will initiate action to correct the
slack loop length., Through a phaser gearbox driven by a stepping motor,
the payout capstan will be advanced or retarded as necessary to bring
the loop length within the allowable limits. FMC ESD has successfully
utilized an identical slack-control device in an automatic winder for
8-channel tape decks (Figure 12).

Figure 12 SLACK-CONTROL DEVICE FOR
WINDING TAPE DECKS
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4, Rotary Table and Punch Assemblies

The proposed rotary-turret work station will consist of a die and an up-
per and lower punch assembly straddling a rotary table., The functions
of these elements are as follows:

@ The rotary table will register the carriers holding the detonator
cups in line with the upper punch assembly to allow blanking and
placement of the closing disc in a direct straight line. (This
operation will require two separate punch strokes, as explained
later.) The rotary table will be equipped with blanking die inserts.
Proper registration of the detonator carrier sleeves with the die
inserts will be maintained through a 96-tooth, l-inch-pitch roller
chain sprocket. The transfer chain with the carrier sleeves on
4-inch centers will wrap around the sprocket for a minimum arc
of 180 degrees; therefore, the pitch circle diameter of the rotary
table will be identical with that of the 96-tooth sprocket.

The action of the upper and lower punch assemblies along the 180-
degree active arc of the rotary turret is shown schematically in
Figure 13,

® The upper punch clamping sleeve will be faced with polyurethane
that will momentarily clamp the foil tape to the rotary table and
bring the tape to the same speed as that of the table just preceding
the blanking action of the descending inner punch, This feature will
assure that the tape is moving at the same velocity as the rotary
table when the upper punch shears out the closing disc.

Immediately after the closing disc is severed from the tape, the
punch will retract with the tip rising above the top surface of the
foil tape, and the clamping sleeve will release the tape, allowing
continued rotary motion of the punch without tearing the tape. To
reduce acceleration forces developed within the tape during the
clamping operation and to assure tape synchronization with the
punch velocity, a cam roller will be placed at a point in the outfeed
path of the tape from the turret. The tape will pass over the cam
which will make one revolution per station, or 1,200 revolutions
per minute. The cam will develop a sinusoidal tape-acceleration
curve, minimizing tape stresses during the acceleration portion
of the cycle. This action will assist the polyurethane clamping ring
to maintain a tape velocity equal to the tangential velocity of the
punch,

After the turret has rotated sufficiently to permit the ascending
blanking punch to clear the tangentially running foil tape, the

punch will again descend. The closing disc will be pushed farther
down into the detonator cup being held in the carrier in the chain.

Several methods for mechanically stripping the disc from the punch
may be employed. The usual commercial practice, providing the
punch with a spring-loaded plunger that pushes the blanked disc
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off the end of the punch is considered inadvisable with the thin
aluminum. The same general principle could be employed, but

with the tip of the plunger normally spring loaded upward within

the punch so that it is flush with the end of the punch. The stroke
of the plunger would be very short, about 0,015 inch, and take

place at the end of the stroke of the punch, just prior to or at
the beginning of return movement. The plunger would be rod op-

erated through the punch ram, the rod protruding from the top
of the ram., On rotation of the turret, the top of the plunger

rod would engage a stationary cam follower which would momen-
tarily impart the necessary 0,015-inch stroke to the plunger,
stripping the disc from the punch. The same action might be

achieved by the mass inertia of the plunger movement against

a very light return spring due to the rapid deceleration of the
punch when reaching the end of the stroke. A subsequent turret
will crimp the cup over the seal disc.

5. Concept Design Considerations

The proposed concept for blanking and placing closing discs in a con-
tinuous operation is based on proven movie-camera applications.

The relatively slow-moving foil tape can be quickly accelerated to
match the speed of the fast-moving blanking punch and die, and the
blanking punch operation can be completed within a short time; the
velocity vectors of the foil tape and the blanking tools are practically
equal,

The proposed concept utilizes only one foil tape reel to supply the
material for the closing disc blanking operation.

If, because of reel size limitations, the supply reels must be changed
during operation, a commercially available automatic splicer can be
incorporated in the design to automatically attach the new tape to
the end of the exhausted tape reel, without stopping the system.

H. CRIMPING TURRETS

Crimping of the detonator cup requires two distinct operations, a 45-
degree precrimp followed by a final flattening crimp. Both operations
may be performed on one turret as described in detail in the Phase 1
report; however, FMC ESD recommends that two turrets be used to

perform these functions, enabling a simple turret design for both, em-
ploying construction components similar to those used in other turrets.

Utilization of an LVDT gage head and special cam section similar to
those used in the consolidation turrets will permit monitoring of an
accurate final crimp height. This system would be readily adaptable
to a simple turret design,

A fixed aspirating station, as specified in the scope of work mandatory

requirements, may be positioned between the two crimping turrets to
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remove any loose powder created from the 45-degree crimping opera-
tion as the crimped cups in the chain pass nearby. A possible alternative
would be to provide the 45-degree crimp punches with hollow stems with

a side port. On rotation of the turret, the port would pass close to a
fixed aspirating head, transferring the vacuum directly to the crimp
before the top punch rises.

I. SEALANT-APPLICATION TURRET

The sealant-application turret (Figure 14) consists of basic elements
similar to those of other turrets, i.e., sprocket and upper and lower
punches.

The lower punch will locate, raise, and support the work part for ap-
plication of sealant. The upper punch will be equipped with a special
polypropylene dabbing tip and a lacquer container. Container and tip
will form a sealed unit; therefore, lacquer cannot dry out and will not
clog. The tip, commercially available, is designed to meter the same
amount of liquid each time the plunger is depressed, independently

of pressure and time. The lacquer container is sufficiently large to

accommodate a 1 -day supply of sealant.

This concept is similar to a machine developed, built, and now operat-
ing satisfactorily at Frankford Arsenal for the sealing of primers with
lacquer at a rate of 1,200 per minute.

An inspection is necessary to detect the presence of the sealing disc
and of sealant., Both inspections may be made by stationary optical scan-
ning means, the latter reacting to sealant color. Turretes for these
inspections are not considered necessary.

Essenptially, each inspection station will consist of a light beam directed
at an angle onto the top surface of the finished detonator. A disc in the
detonator will reflect the beam into an optical receiver.

The signal to start scanning for the reflected beam will be derived from
the leading edge of the chain carrier, which is always the same distance
from the cup., Thus, at a given chain speed, the time at which the
scan should take place is easily established, so that the scan occurs
when the detonator cup should reflect the beam if the disc is present.

Inspection for the presence of sealant application is accomplished in

a similar manner, except that the optical system is sensitive to color.

The reflected color of the sealant, or absence of* reflected color, at the
appropriate time of scan would result in acceptance or rejection as
required at the unload/reject station.

J. UNLOADING TURRET

In this final turret of the machine, the finished detonators will be trans-
ferred into special carriers for packaging, and parts found unacceptable
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Figure 14 SEALANT-APPLICATION TURRET (FMC Drawing 5100213)

at any inspection station upstream will be ejected (Figure 15). The car-
rier rings (Figure 16) are flat collars in which the detonators will fit
snugly because of the tight hole-diameter tolerance and be held firmly
due to the springiness inherent in the split-ring configuration of the
holders.

A starwheel, directly above the chain sprocket of the turret, is equipped
with pitch diameter and nest centerlines which match those of the main

32




VIEW ‘¢-¢’

ETONATOR INSELYING
ALLER .

l' AELIEL LOADING rueRe r'l/a':

pd

AL EL

— e

N

-

/ STAC WHEEL

Mme
Sr47/

SECT."B-8" ' duced from
o IErtrouvu:il.ablo COPV-D




- a———

D]

R wskerne X7
(] /s

»
\
N

, A

A l
N

-

s f
7 "*é e
# lcu

|
“—xsee.se f4L2

INSPECTION ¢

FMPTY CACLIFR [N .
: UNLOAD - -
L
i€ LS
Il
]
IV _odDED cavtisns

INOEXING Converor | <
7]

¥
L] “ -
ALTELMATING ruu-/v' M -
—-— — INDEXING 180"~ 4 B
|l
~BUFFER } # l
g e /- i
B 5 S G | St BI “‘
)
FEED CHITE V- &+ - CEED CHUTE NGI []
- - .
f * e
¢ ,17’ -'f v :
Sgf - T Loy« 1 t z " i - - . o 3 f
Rl L l [ : ] , ‘
i
[ * .. .
- ¢ A J ' t | !
e =4 g .
X ] +
4 LR R [ﬂ'k
[——- . t ¥
L CUHION MAGAZ vk
FPLAN VIEW L o4z
SHYTTLE-
NO.l LOADING . A CYSHIGN SINGILATOR
MO.2 LOADING e - (' srariom r b

ST4TI0N

Sumz rear£ievaron

J

gh s 'i- = SR i B — U S I e RS
W gl
S w0t reAr GcEvaroe 'qﬂ :rf A TN i DS
! b d ; FINGERS
!
ELEVATION W



—i

i
o
B
|
S
i
vwnz't’”l

1}
OV S

e
S5

3 . c}." > o |

SECTA-A"

SLIDER COvss

& SinGuLATLe

Tea,

|
l
/o
L
Hi--
AGAZINE I
N
s R
- "'T“| 'l...-r'
A
=5
|
- s dTE (T
VI
" A n!.“
:3 gu.
PN
’ :’
{
o
ROLLERS
1 ’
v B4 Y
|
i
iy J

i)

5 +M
= Figure
Lt FIRST



e
i o

p am's nive
\.u.\;f Bl
=2 00 -t

e -
i i -
i
] i
<
N
x
1 P
kg
4w- wW.
3% s
&% PO O
3
o
€3
~§ <3
W
w

1ea

RILLEK 1

Vo dés

[ |

R RS A S
T N -Jﬁ

Enginesred Systems Division

o
N
o
N
| ©
—
wl
=z
s 28
s mD
a3 <2
5 X2
o M$3
m aw Yy
£ QG
< -
W -5
—t N
Q -
-
S
’FF

Y



—————

(A

L. 031 %9/

b—y328
(S&& NoTE *2)

*.00/ /—.0.!0)(60"7’. (S&E& NOTE *2)

. £ 37 P/ ——]

.l 030 V
' L i’ i
NI =008 |
1457 D/A. (SEE NOTE%2443)

NOTES:
1. MATERIAL TO BE DETERMINED BY TEST.
2. THESE FINAL DIMENSIONS TO BE DETERMINED

BY TEST,
3. THIS DIMENSION IS FOR DETONATOR, STAB,

M55, ONLY.

Figure 16 CARRIER RING, DETONATOR (FMC Drawing 5102190)

carrier chain, The carrier rings will be fed into the starwheel as are
the cups into the loading turret. A circular plate above the starwheel
will limit the upward motion of the carrier rings to a few thousandths of

an inch.

Detonators will be transferred from the carrier chain into the rings by
a set of lower punches moving all the way through the carriers, past
the D-shaped spring. Ejection of defective detonators will be accom-
plished by inducing additional punch travel. The rejected parts will be
pushed out of the carrier rings; openings in the top plate will allow for
thic motion. A rotating brush in the ejection area will send the rejected
parts down a chute into a desensitizing container.

35
Preceding page blank

M S



This momentary overtravel, about 3/16 inch, will be performed by a
movable cam section adjacent to the main cam of the punches. An ex-
plosionproof solenoid will maintain the cam secticia rcmoved from
the path of the cam followers against spring pressure to satisfy the
fail-safe requirement. In event of solenoid failure, all detonators would
be rejected. Each punch will carry a central cam follower, which will
ride the main cam track, and a cantilevered cam follower for the mov-
able ejector cam section,

The carrier rings will be removed from the unload turret by a simple
peel-off mechanism and proceed, in a solid single line, to the packag-
ing area. An optical inspection system will locate and effect ejection of
empty carrier rings,

K. RANDOM SAMPLE STATION

Samnle detonators may be removed at random from the line follow-
ing removal from the chain at the unload station. A simple gate moving
laterally across the linear flow of detonators to the packaging operation
will divert one or more detonators as required, still in the plastic car-
rier rings for safe handling.

An alternate system would utilize the reject cam on the unload turret to

remove a sample detonator, but divert the sample from the reject chute
to the sample chute by means of a gate.

L. PACKAGING LINE (Figures 15 and 17)

Loaded carrier rings from the unload turret will be assembled in a
buffer, then will proceed, in two lines, to the box-filling stations. The
filling patterns, based on nest arrangement in the boxes, will be five
rows of 10 detonators, The proposed carrier ring OD is exactly the
same as the nest spacing (0.437 inch); therefore, when the carriers
are squarely aligned and touching each other, the detonators will be

in line with the nests in the boxes. At regular intervals, a shuttle bar
will move one row of 10 carriers one index across (0.437 inch) over
a dead plate. The shuttle bar will be located exactly between the two
incoming lines of carriers and will operate the two lines alternately.

Empty boxes will be forwarded on an indexing conveyor, below the dead
plate, and a tray elevator will raise the boxes against the dead plate.
After five cross indexes, the detonator will be transferred into a box
through clearance holes in the dead plate. This transfer will be ac-
complished by a cylinder acting on a spring-loaded pin pad. Both sides
of the shuttle bar will be transferred simultaneously.

As the shuttle bar resumes motion, the empty carrier rings will

be pushed into a chute by the oncoming rows of filled carriers and
recirculated.
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The use of expendable (plastic) carriers, which would be loaded in a
modified box, has been suggested. The plastic carriers would act as
cushions during shipment and could be utilized in an automated as-
sembly line, then discarded or returned in bulk to the detonator plant.

The filled boxes will be lowered to the conveyor and, two indexes down-
stream, a cushion pad will be slid onto each box, sideways from a
stack, by a shuttle plate. The pad will be located accurately by four
flexible fingers actuated by an air cylinder.

Farther down, the boxes and pads will be pushed into outer wrappers
through a funneling gate. The boxes will then move at right angles to
the loading conveyor. A rotating table will turn every second box 180
degrees to stagger the detonators when packed in 20-box cartons., The
boxes will slide down an incline onto another, slower conveyor., As a
result of the velocity differential, the hoxes will overlap as they are
moved along to a dead plate. At the end of the dead plate, a pivoting
end plate will gently raise the first box. on end. A vertical bar, moving
in from the other end when 20 boxes lhave reached the dead plate,
will cause the overlapping boxes to slide, one onto another, until the
stack is vertical.

A pusher bar will transfer the 20 boxes into a carton. The open container
will move down a helical chute which will turn it gradually until it

is placed, open side up, at the next station. An overhead arm equipped
with suction cups will pick up a lid and lower it onto the carton, with
the assistance of four positioning fingers.

The junction between carton and lid will be taped at the next station by a
rotary tape-dispensing and wetting device, a set of pressure rolls, and
a cutter,

The closed carton will then be enclosed in a special plastic-coated bag;
this operation will be performed at the last station of the packaging line.
The bags, supplied in stacks, will be singulated and one bag will be lifted
by suction cups and moved next to a carton. The bag mouth will be held
open by a combination of vacuum bars and flexible fingers until the carton
is completelv pushed inside the bag. As before, the flexible fingers will
act as guide,, The bag mouth will be clamped shut, except for a small-
diameter vacuum tube extending a couple of inches inside the bag,
approximately at the center of the opening. -

Vacuum will be drawn until the bag is molded around the carton, As the
tube is withdrawn, two heated bars will clamp the bag near the end and

seal the package.
M. FINAL INSPECTION

A final inspection will be made after the unload turret operation to en-
sure that all detonators are removed from the chain carriers. The
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equipment for this inspection will be similartothatused for disc-presence
inspection, except that the scanning beam will pass through the carrier
to verify that no detonators remain within. A signal from this ‘- spection
station indicating that the carrier is not free from obstruction will re-
sult in the immediate shutdown of the line so that corrective action may
be taken.

N. CHAIN CLEANING AND ASPIRATING

After leaving the unload turret and clearing the packaging area, the
transport chain will pass through a cleaning tunnel. Rotary brushes,

on vertical and horizontal shafts, will remove all powder dust and other
particles the chain may have gathered in the various work stations.
Vacuum heads arour the brushes will remove the dust as soon as re-
leased.

O. SAFETY"

Because of the high production rate--1, 200 detonators per minute--
safety is of primary importance. The equipment will be designed to
meet the following requirements:
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